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^~ 5>: 1/ 



ttri 2 y - x i: mri a k v <i y mm <d m k mm $ tut y mm t , 

^#ftj|fl!&<9±«B letting* ^ t T«#«Q«n $ a, 
netting**, y^^^n^i^^^^^ w 

ia*-©ttingj: * i>fc^stwmmzGirzm-<Dmmwktz&t?mmmT$>2> 

«** 3 ] l s fci± 2 (cfstto«^# b 9 y * fc*v*r, 

tfTCBfc-OttlWgtf 1 1 5 0 n m JSUT-e* & Z. t*<mkt~? Z> fUf^* h ? y v 
[If im. 4 ] if ^ 1M3 wf tL^^SB«o«|^j&* h ^ y 

5 ] it im 1 7!?s 4 <7)v^-rtL^^ffi^com#^ ? y * k 
im&m. 6 ] if ^ i nm. 5 o *L^tcia«om^* h ? > ? \z 
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fldflBy-;*«fc£: Bute KV-f >*HoHlteEe$*Lfc$*— h^^t, 
tlMI^y'jn^ £**J:tfife***j£x5gfc LT^WIT^^ 
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1 1 ] m^m 1 o izmnvmrnm > ? > ? k^t, mm 



1 3 ] iftftg 1 1 2 v»rtoWc|BJR*>WJjia&* h 5 >yx * 

K3S^X, 

mznmmim^fcmm&it, in x G ai - x N (o*x*d 

Sft^^AlyGai-yN (0<y*l) 

itK y - ^ m* t m snii»ftWiMMMi«»oxiif t © m* 4 o^ib k u 

l 5 ] l 4 tc|B«o*|^ft* h 9 y * k*v>t. 

1 6 ] m&m 1 4 1 & it 1 5 Kisft«>mjMft£ i«7> v * * k * 
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im^m 1 7 ] iff^s imi6 ^irtifrKmM.<onmm y?> * 

*?IBIII^M<bW^S#^{i, In x Gai_ x N (O^x^l) *<bfc 
hf?*)Vm, Al y Gai_ y N (0<y^l) ^f, fc&m^if&JSjS X V*G 
aNfrtbte&^cvy y'JUffCL coM xmm LfzmM^ir £ Cl t *WWcti~ & m# 

[0 0 0 1] 

[0 0 0 2] 

[fi&fc ?>*£«] 

[0 0 0 3] 
[0 0 0 4] 
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_ #112 0 0 3-0 0 0 8 4 2 ^ 

AlGaN/GaNAfnflt'li, 1X10 13/^^^ 

#L<^m$^rv^ 0 n utM£«j|i 
i x i o i 3 /cm2^--^-(7)^ B ^.^ ( 7) m4TOm ^^ <m 

J: Lfc* * i; r K J: ^ lif^ G a A s m3MSH*F ETt fi#|& *K 

o 

[0 0 0 5] 
[0 0 0 6 J 

*mf, £©TfcS iNK*E*Lfc#]ft^«3*LTV>* 0 mi 
JFETOWfl^ to ^HJFETii, SiCStllO±«^ 
3o l 0±Ki±¥mfcmfre>&&/iyyTmi l l#3Bjfc3*LTv>s 0 c: 
0;,y77 * 1 1 l-t(*GaNft^;Hl 1 2#»«$*ltv** 0 ***/Wi 
©±ICtt, A 1 GaNlfftfti 1 1 3jWM*#lTV** 0 CO*-?ft»/iJi»c 

Ml 0 2m, m?tttt*l 1 3©£MfiS i Nil 2 1-C**?*LT^0, 
7-f->l/K^-b*l 0 5<&ifcTfctt£<0S iNKl 2 1 jWMSfLTV**. 
PMRK: «£ tilX\ i 9 Lfc*jft fcSUH-*-* £ fc J: 0 h »JE«# $ t 

[0 0 0 7] 
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[0 0 0 8] 
[0 0 0 9] 

«*K:»^U G a A s^»i^ti«{bLtv^^^f: 0 A 1 G a A s 
/G a A s|Af □^•eilMf«|i|)6t/jN$v>/^^^ 0 
[0 0 10] 

[0 0 11] 

HI 7*4, ^tf t: U Af Dg^l^ > 9 v ^ ^ (Hetero-Junctio 
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n Field Effect TranSistor I^TH J FET^V^) * c £ 

HJFETIi, y-yTJTmmOQOJilZAlNfr^ZZ^yyTmnU G a N 
^^11112^ 1 G aNm^ftj»»ll 3 **C:©«TWlStLTV,* 0 *«> 
±KV-***101J: KW>«*103^jft$*iT*0, t*i?>©MttA 1 G 
aNm^F^«113K*-Att»ttLTV^ 0 Sfc, V-xm*I101 * KW >« 

[0 0 12] 

umfpx$k i ] 

U.K.Mishra, P.Parikh, and Yi-Feng Wu, "AlGaN/GaN HEMTs -An overv 
iew of device operation and applications," Proc. IEEE, vol.90, No. 6. pp. 
1022-1031, 2002. 

2 0 0 l^nn W . vj-x (Electronics Letters vol.37 
p. 196-197), L i^ 

2 0 0 1 s^/i, -xvnn>. r^M* . > 

if -^vx^ (IEDMOl-381^384) , £* (Y.Ando) 

WHfcfclt l ] 

#W2 0 0 0-3 9 1 9-§-<2r# 
[0 0 13] 

*ttU *©«**WfcBMfc** 0 in i gtt, *J|MNMff*IKt?*Hg|i 
7^MtnHJFET^ U WlISiN^i^^ 
i^hSEO^^iLm^ftc ®<f\ A^3 5^, =ASW 
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[0 0 14] 

^tit^i^ 01 9 *#JBLT\ S i NI#ftv^ (Ifo nm) 
14, SiNiOff**-sa«ISr <n > fc!WsU4e L*L*#fc. Si 
^~K*7*qjPtti-ft 0 

[0 0 15] 

SiNI*fi«ifctiGaN»HJFETm :H/:I 

l fzmmn mmvim^ k sen?- ^ & * o 

[00 1 6] 

ffi©K«ttH2 0*>J:*fc*« (^|^0i 7( ;^^ t , m 
[0 0 17] 

G a N * 14 + *IIIlW^»J|i»#^ &44HJFETI: 

t *4 *& ft & omt«%s t a ft o 
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[0 0 18] 
[0 0 19] 

S*L*^ A l GaN/GaNAfniit^ ftlffc: 1 x 1 0 1 3 / cm 2*~ 

aAs|FETT1il^^^ t ^ 0 JKKv^tf, GaNJRFETttjEI 
[0 0 2 0] 

ire* * t * * mec*,* h 9 9 *tmx% » c k m^l*. *« 
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[0 0 2 1] 
[0 0 2 2] 

msthhzmm Lxmm* v v k w >** *t i e v - * 

****** Lr*tr#-o«nitfc % m&m-*>mm* o tevttm** 

[0 0 2 3] 
[0 0 2 4] 

[0 0 2 5] 
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^ ff*L<ttl 50nmmT, J: WL<lii 0 0 nmJant*. 

o 

[0 0 2 6] 
[0 0 2 7] 

^^EOill^ $ atUK lll^jj * 5, i; 3 

>*J:a l ttX*4IIA7GX2: LT^trffrfrflrfcJ: $ £ £ jc J: 9 , 

©Wtraic^r h t«ic««^t<4i<Ni J j« l ii^'i, 

[0 0 2 8] 
[0 0 2 9] 

mmmm± izmm Lr5fm^titz y wm& x v k v 4 >mm t , m a y - 

mtmm k w >mmt<Dm<ommz^ x , mmnmmm^mmmmo 
^BKMMtfrLTmmmmnmim&ztL, mmmmm^y y =2 ± xm 

[0 0 3 0] 
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xzr^m^mmTcmt Lx&tsmmmx&zz t ^^t-t^m^m^ v^^v 

[0 0 3 1] 
[0 0 3 2] 

[0 0 3 3] 

fc«rBKW>«fcom»cB«$*Lfcy-h«fcfc % Aria**-].***: 

a* £ «^tc^ ttt^i^ \<*mm*m Kx^omm^^ mm kk> iemi a 

[0 0 3 4] 

nit & ti* v 1; 3 > * * Pttxaflu $ & tc&x * tz «/* x v$t 



tBSE#2 003-3068025 



#M 2003-000842 



[0 0 3 5] 

AWMWottv^micj:^*^*^ ****** 

£^ KW>*Mfc*,,>Ttt, y'J^, ftX*J:onft 

J: * ttt MS T * is a*-? § & 0 

[0 0 3 6] 

t-c* zztzmwtt-tz wmiM b ? > 9 warn zti&o 

[0 0 3 7] 

7^(Wf7>y^^f )Wo frfc, *Wim*ll»W3 1 5 
[0 0 3 8] 
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[0 0 3 9] 

«reiiira^«#«fraiK&a. fcfc*wri nxG .hn (o^x^i) 

[0 0 4 0] 

T% 3>^Mt7>K^AlGaNl, \> y?* L 

[0 0 4 1] 

* fc, miIIMlfl:*iM»fW«jfttt. I nxG a 1-xN ( 0 x ^ 1 ) 
ft******, AlyGal-yN (0<ySl) Hftil^ J: ^ G a 
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[0 0 4 2] 

o 

[0 0 4 3] 
[0 0 4 4] 

IIIll«i#i^SitatcIS i CWv»ftHi:ov»TM!t* 

o 

[0 0 4 5] 

(0 1 OHH^JI) 

Hi fit, -^l^HJFETO|fIii|^ to COHJFETtt, Si 

1 1#M**tv**. CO;t,77lll±|:G«Nft^li2«Ms 
*tTV.* 0 *-***««>±fctt % AlGaNI^in«?tLTV^ 0 

0> 3*fc*«)±*fcttS i 0 2 m2 2 3 WRIt**iTV>* 0 *J|MW***5«>B: 
TICttios iNi2 l^ivs i0 2 »2 2 3 WRItfe*Lrv^ o 
[0 0 4 6] 
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*3«fc*K:«*HJFETO»i^«fe» = o^rBB2 1~0 2 3£#bbl 

ular Beam Epi taxy:MHB) Jfcftfcfc J o T**tf:* jfeft $ « 0 £ ^ * 5 iz L T% 

7>K^AlNH^77ll 1 (jRUfcOnm) , T l 
F-^G,Nft*^12 (i^2,m) , T > K-^ A l 0 . 2 G a 0 . 8 N* 

* * A 1 G a Nl^i 13 (Mm 2 5 n m) L 
£>*l& (02 1 (a) ) o 
[0 0 4 7] 

A 1 G a Ni^f 1 3 ±fc, «*.fcf T i/A 1 ^ 

^{:ii)t-Attgi^ (S2 1 ( b ) ) 0 ^T^XvCVDSft; 

SiNH2 1 (if 5 0nm) «Jft+*o 3 fcfc*©±JlK:. *jec V 
D Si0 2 l2 2 (Wl5 0na) (0 2 2 (c) ) 

o S i NI2 l^itfs i O 2 l22^x«;f>^nai:j:ot 
A 1 6 a Nl^FftlM 1 3 OtHit«Rn««Rlt« (02 2 (d) ) 0 Sffi L 
^AlGaNI^ii3± ( :, 7*H/^f30^TNi/Au4^ 
^h#l3 1^IfLT, v 3 ^ ^r-^oy- Mi2 ^fMt-So t 
^^ini^»cNi/AuJ:0ft*«JM||pWi4»jfti-* o (023 (e) . 
(f) ) o £OiaiCUHl^LfcHJFETtf»t4. ft*, ^J|fl 

tMlt^K ^^«*2i:m*^W»»te5fc<^!>MB^*J:*)« 
[0 0 4 8] 
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^#$12 0 0 3 - 0 0 0 8 4 2 ^ 

[0 0 4 9] 

mik-ezztztb, mmmmuzy- h'mmtmw&tL, tiifi^iii 
^^^^ s^-^imc:^7>*£»ij^& 0 mz, &5&w<DHn<mm 

[0 0 5 0] 
[0 0 5 1] 

onmmr) > »BEiRiJi^^n(»jc«.f * s i o 2 JBi£J¥<aei-&.r£ 

[0 0 5 2] 

lf«HtiOtttli, 0.3/1 mJBLh**Ltf, ^a?:/XM«©»*tt*$ 
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[0 0 5 3] 

W;t#HK»iU>. CHtfilWmtLT, SiOC (SiOC 
HtMm " U4 » - B CB (W^n^) , FSGCflouroSilica 
te g lass:SiOF), HSQChydrogen-SUsesauiozane), MSQOnethyl-Silsesquiosane) 

I0 0 5 4J 

(* 2 ©SgfefJ) 

0 2 9 . a i g . rantM ! 3 ± inusM, 

•WWtMKWJimicov.Tt, tTIKIWiSINKM « 
OMH*e«A»6 1 5 0 „»«T, * MM L < « 1 0 0 nrfTOBWtf 

[0 0 5 5] 

(HS3<7>! 



133(4, ioaE*«©HJFET©»fBI«jt*S-*-. £<0HJFETI4 Si 

cfte«s*u o±cm8 M . asi oitaf^^j,,,^, 

£ **«MW-t •= tt * - A {HM* 1 6 ^ y _ x „ t v K w ^ 
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° ^^SfttS iNH2 l~?Wt>tl-C&t) 

, 5 OKTfcttiOS iN!2 l#Rtf**LTV** 0 

[0 0 5 6] 

±BHJFETtt, ^^f«^, o *fSiCm*»10± 

11 (M2Q.0 . Tn-^GaNft^)|12 (*M2 M m) , T>K 
^Alo.26ao. 8 N*64*AlGaNtfft«ll3 (lf2 5nm) 

[0 0 5 7] 

1Wl3± ^ «AtfTi/A14^«t3ft|t*£fclcj:0 v- 

t-A tt ^^ 6 ^ T ^ XvCVW}:± ^ SIN121 CWi 
5 0nm) SiNl2l^X7f>^ n > t}:ioT 
•ffiLfcA 1 GaNI^H 3± ( :^i fNi/Au ^^ iWlT 

iOi9KUBI3l:^LfeHJFET^jRne 
[0 0 5 8] 

«*«Oh?^^tt, *I«WtSiNl2 1tt*. S1NI2 1 

ttfwwf^ftv^*, f<M t ^t^if, *m*m<***z=? 

5*r-hWfc 2 WLTW LTIMt* ^T»,H 
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— v 



&*«-ctt, ^#^^2 izmmvy 4 ~)u fvw- h«s^jfc 

o 

[0 0 5 9] 

®2 9, H3 0tt, ^htffik^^Ott^r^t, 
h^ZsiSXft. ft*Oh9^^^t*Jt«L3t:H-C**o Gr.l-Gr 

[0 0 6 0] 

G r . 1 

mmmmm : ^ ovcig) 

tl^iDIIotS : 0 . 5 M m 

h ma WIWlinEI : 0 . 5 fit m 
OMR: S iNKORV^l 0, 4 0, 6 0, 9 0, 1 2 0 nmO4O5Atff 

[0 0 6 1] 

G r . 2 

&Kffl£: S i NMl 0, 4 0, 6 0, 9 0, 1 2 0wibLt:TsUX5&im& 
Lfz 0 

[0 0 6 2] 

G r . 3 
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mmm : ^ o vtc@^> 

! 0 . 5 fi m 

h mm t mzmmmmmmm : i . o ^ m 

W:SiNiO Wi »io, 4 0, 6 0, 9 0, 1 2 0 nmOtO5AW 
[0 0 6 3] 

02 9fi±fZGr. UGr. 20f^^!| m H3 0tt, G r . 3 
Gr. 2©W^ M ^ 4e *«BO*J«!O^M^-ctt, s»V^- h 

[0 0 6 4] 

fc* tfNMiom o.3^»ja±*tt», t^ 5 ^ wi 
^ mmi^ k w viftoM (r- hmm<D k w >nmm<om>*> k 

W >««OWRSo 7 0 %^Ttn o 
[0 0 6 5] 

07^A,K^Htttt4hr^^ (018) . «JMQft««tt 

(03) , XO^^ng^^ 

"i^o. s^miu tiwiwttiiovKBsg^, as nzmtm*), *m 

^^^-(iS iN!2 10JW*»50nmH2 0 0 nmi: 
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^-v: 22/ 



[0 0 6 6] 

5 0 nm&T b-r&Zbimt L^ Q 1 0 0 nm^T b-f%> b X *) L 

%&tz#>, 1 0 ii mick±bir^C bamt L^ 0 
[0 0 6 7] 

m tt, 0.3 M m&±b"f2>Z.b-t)m$L\<>o Zbteifr*L<m.5 M mJZLtb1- 

ymmomm<D 7 0%\>xrb-th o 

[0 0 6 8] 

(*4©«tfl) 

El 4*4, iO*ifi«OH J FETOifflit^f 0 iOHJFETti, Si 
1 l^l£$*LTV>& 0 :0;t»;7 7il l±KGaN^-¥*;Wgl 2«J&£ 

c: »± * - a ttsfctopfc & v - 7s mm i & x & k v >mm 

1I2W^HTV^ 0 S^ftMl 3<7)WiS 10N12 3Xmt>tiX& 
"9> m#M^im®5 0]tT^(±i<7)S i 0N12 3 3&*tjWb*LTV>£ 0 
[0 0 6 9] 

-tffiH J FETii, JJlTOi^M^So ifSiCm*«Rl0± 
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1 1 (M/¥20nm) , r>K-^GaNf^I12 (SUP2,um) , T>K 
-^A I 0 .2G ao.8N*fc44A 1 G aNlf^JI 1 3 (If2 5nm) ■?* 

[0 0 7 0] 

X7f->^nitt;j:^ *^HI»l»^-9-*»Jfti-* 0 lv>tA 1 G a N 
I?ftl&113±t:, Wz-IZT i/Al%¥<D&mZmM'r2>ZtK£t), y- 

t-AtttM^o IV^^yXvCVDfefiai), SI0NI2 3 OH/p: 
15 0nm) «:Mt^o S i 0NI2 3 <Z>— SB & ^ y > ^g^t * i <h J: 
oTSffiLTtAl GaNl^fl 3 ±fC«£|fNi/A u & ^O^JR^* 

2> 0 Z<ox fcLTEH KtfLTzH. J FET^m o 
[0 0 7 1] 

[0 0 7 2] 

ISTOSiONlli, 2 0 0 nai^±Olffct| ) it^ItU> o 2 0 On 
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[0 0 7 3] 

ZvnMWVS i 0N1(±, ®$f«n. 6 5&±2. 0 5JaTO«Ht*-5 
[0 0 7 4] 

[0 0 7 5] 

JiaBWCttfiMWRSrS i ONfcLft«tSLW £*LfcRfc*\ s i 
CN> SiOCNS:^»TUv»o 
[0 0 7 6] 

asa, u^iiMoH j FET<Dwmmm*7F*t 0 ^hjfet^ si 

1 l#Bafc**lTV*4 0 ^;7 7il l±CGaNft^Hl2«$ 
*LTH* 0 * + */l/R©±|ctt, A lGaNiffttil3«^tv^, 

3 *** 0 , CttJMNItttttt 5 & «fc Zfzs 3 y V *-&mk&t h titzY- h 

«*2#Rltfc*LTV»* 0 l^ln^IliS i OCI2 4-CIfcm 
*K !#Mf|«iSorFCii£OS i 0CI2 4#R»t&*iTV>* 0 
[0 0 7 7] 

IBHJPEm ^^t:M^^ 0 *-fSiC*&**«Rio± 

T, H*H*6Wc, T>K^AlN^ft*^77ill (if 2 0nm 
) , 7>K-7-OGaNft^I12 (R*2,im) , T > K— 7"A 1 o. 2^ 
a 0 .8N^^AlGaNi^ii 3 (IJ|2 5nm) *qMLfc*** 

[0 0 7 8] 
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^•^>^*1-&£tKJ;^ *^^M-9-^^-f^ 0 Iv^TA 1 GaN 

*mm&J:^wy*>li3£^u 6 5 orT-T--;P£*f9 1 r < ^cj:i) 
^-Att^Bife^^^o ^T^XvCVDfeJ: i) S i 0CI2 4 (MM 2 0 
Onm) *Mt^ 0 Si0Cl2 4O-gK^x y f>^ t ^> U:ic)T 

[0 0 7 9]. 

mzmm*s i ocM£L£ffirc&£o s i ocmts i 

[0 0 8 0] 

fc*mtLT, SiOC (SiOCHtilfti^^^) , BCB (^>y 
v^ny-r^) , FSG(flouroSilicate glass:Si0F) N HSQ(hydrogen-Silsesquiox 
ane), MSQ(methyl-Silsesquioxane), ^^liili^^^y^ 



miE#2 003-3068025 




#M 2003-000842 



^ — 5? 



[0 0 8 1] 
[0 0 8 2] 

H6Ttt, y-Mi2t, S iNl2USi0 2 f«lWlUML 
, l*HHPlt5 0Ttti:tt, S i0 2 l2 2fi©f-^^ £©«*J: 
»> * KWHfflKfcg^ S i N12 UCSi 0 2 I2 2#»»Lfc*Zl© 

i 0 2 it*K»t, KV'f > tt*Kli39^»«0»#o*5 S i 

MUifcS iN««ltfc*jafifcLT*Av» 0 S iNltttS i0 2 lU»> W>* 
[0 0 8 3] 

mT> *ft)fcMlc*« H J F E TO«|*tt»:ov»TH 2 4-2 7 *#jffi LT 
*-f S i C*****fci 0±fc. MJLltt*m^**zs(Uolecul 

ar BeamEpitaxyrMB^^^ctoT^^^R^^o mLM 
r>F^AlN^^77ill OH^Onm) , T>V-7 

«GiNft*JH12 OW^m) , T>K^Al 0 . 2 Ga 0 . 8 NH^ 

A l GaNI^i 13 (mm 2 5 nm) *m Lfc¥*M*ft*ff* 

2 4 (a) ) o 
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y 



[0 0 8 4] 

A 1 G a N«?ft&« 1 3 «*.tfT i /A 1 ft ^{3 

J:»K V-^tail*J:orKw>«*3*r»jafiU 6 5 0^7-^^9 
tfcfc* 9 (12 4 (b) ) 0 i^t^XvCVDttft: 
i<9> S i NI2 1 OKffs 0 nm) (HI 2 5 (c) ) 0 ooVTS 

iNi2 l«-»*^W»*t4£ti:J:oTAlGaNtf«»ll 3 
«>»ffl-*-*WP«*Klt* (02 5 (d) ) o tOBPSttAij;^^ 

Wfc* fffiCVD^CJ:^ S i 0 2 M2 2 (Kg 1 5 0 nm) ( 
M2 6 (e) ) o WZS i 02l2 2O-|^x 7 f>^ tl) > t}:J:oT 
A16aNm?ftlMil3 0Sttt-«||Dfls«ttit« (■ 2 6 (f) ) 
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